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ABSTRACT 1 
Selection among breeding lines has been widely used to identify important cultivars 2 
and favorable alleles for adaptation, and resistance to abiotic and biotic stress. The objective 3 
of this work was to study the variability among common bean breeding lines selected from 4 
ancestral landraces, to evaluate the reaction of these lines to anthracnose (ANT) rust, common 5 
bacterial blight (CBB), halo bacterial blight (HBB) and bean common mosaic virus (BCMV) 6 
and to study the introgression in ancestral landraces of Phaseolus vulgaris. Fifty-five breeding 7 
lines obtained by individual selection, 21 parents or ancestral landraces and six checks cultivars 8 
were grown in four environments. Thirty morphological and agronomical traits, the reaction 9 
to five diseases and allozyme and phaseolin profiles were determined. Significant differences 10 
among breeding lines were recorded for morphological and agronomical traits. The lines 0330-11 
02, 0452-03, 0219-06, 0323-01, 0323-13, and 0323-15 would be useful genetic material to use 12 
in breeding programs for increasing seed yield. Thirty-six breeding lines were tolerant or 13 
resistant to different diseases. The lines 0221-14 and 0452-03 are worthy of special mention 14 
because they had resistance to four diseases. Allozyme and phaseolin pattern studies indicated 15 
a predominance of Andean genetic material but 14 breeding lines presented intermediate 16 
characteristics between both Andean and Mesoamerican gene pools and may represent unique 17 
genetic recombination events. These genotypes could be of utility to breeders seeking to 18 
improve common bean. This work indicates the existence of lines with superior characteristics 19 
and favorable alleles that merit further evaluation in genetic studies.  20 
21 
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Common bean (Phaseolus vulgaris L.) is the most important grain legume for human 1 
consumption both as dry and snap bean because of its health benefits (Willet et al. 1995). The 2 
Andean region and Mesoamerica are distinguished as the origin centers of this species, 3 
according to morphological characters (Singh et al. 1991a, 1991b, 1991c), seed proteins (Gepts 4 
1988, Gepts and Bliss 1986), isozymes (Koenig and Gepts 1989) and DNA markers (Freyre et 5 
al. 1996). After its domestication in the Americas, common bean promptly spread in Europe 6 
(Zeven 1997), through Spain and Portugal after 1506 Sauer 1966). The spread of this species 7 
in Europe is suggested for its wide diversification and the recent discovery of new and 8 
intermediate types of common bean in the Iberian Peninsula (Rodiño et al. 2001, 2003, 2006, 9 
Santalla et al. 2002) that supported Southern Europe, Spain and Portugal in particular, as a 10 
secondary center of diversity for this species.  11 
European farmers selected and maintained a multitude of common bean landraces by 12 
saving some seeds for planting the next year. Therefore, these traditional landraces or 13 
heirloom cultivars are mixtures of pure lines and can be considered as unimproved adapted 14 
landraces. They are an important genetic resource for plant breeders because of their 15 
considerable genotypic variation and their adaptation to environmental conditions after many 16 
years of cultivation. Due to the wide geographic spread of this crop, distributed in very 17 
different climatic environments, the farmers from different regions utilized divergent criteria 18 
of selection for morpho-productive characters. Plant breeding has evolved closely related to 19 
the preferences of farmers and consumers and it aims to obtain varieties with an adequate 20 
performance and yield. Selection for seed quality within bean landraces has resulted in 21 
improved breeding lines but they are often susceptible to diseases (Casañas et al. 1999) that 22 
constitute one of the most important constraints for their agronomic performance. Other 23 
bean breeding programs shifted toward selection for improved performance under adverse 24 
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conditions, using more participatory approaches to variety selection, ensuring that new 1 
varieties met the culinary and sensory requirements of the end-users (Hillocks et al. 2006). 2 
The most important diseases worldwide that constrain bean production are 3 
anthracnose (ANT) [Colletotrichum lindemuthianum (Sacc. and Magn.) Bri. and Cav.], rust 4 
[Uromyces appendiculatus (Pers.Pers.) Ung.], common bacterial blight (CBB) [Xanthomonas 5 
axonopodis pv. phaseoli (Smith) Dye], halo bacterial blight (HBB) [Pseudomonas syringae pv. 6 
phaseolicola (Burkh.)] and BCMV/BCMNV (a potyvirus). Some pathogens including those 7 
causing ANT (Balardin and Kelly 1998, Melotto et al. 2000, Pastor-Corrales et al. 1995), and 8 
rust (Sandlin et al. 1999) have co-evolved with common bean forming distinct Andean and 9 
Mesoamerican populations. ANT, CBB, HBB and BCMV/BCMNV pathogens are seed-10 
borne, may survive in crop debris over a prolonged period, and are disseminated mechanically 11 
and by insect vectors, rain, and/or wind. Thus, their chemical control is often difficult and 12 
increases production costs for bean growers. 13 
The existence of a wide diversity in the common bean germplasm in southwestern 14 
Europe (Santalla et al. 2002) allowed selecting different breeding lines within ancestral 15 
landraces. These breeding lines could be an excellent source for bean breeding. Therefore, the 16 
evaluation of their agronomic value, including disease resistance, is relevant to the genetic 17 
improvement of this crop worldwide. The objectives of this research were to study the 18 
variability in bean breeding lines selected from ancestral landraces, to evaluate the reaction of 19 
these lines to ANT, rust, CBB, HBB and BCMV/BCMNV, and to study the introgression in 20 
ancestral landraces of common bean.  21 
22 
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MATERIALS AND METHODS 1 
Plant material and field experimental design 2 
A set of 76 accessions (55 breeding lines and 21 ancestral landraces of common bean 3 
maintained at the Misión Biológica de Galicia-MBG of the National Spanish Research 4 
Council-CSIC in Pontevedra, Spain), together with six check cultivars were included in this 5 
study (the nomenclature is as follows: ancestral landraces = PHA + number, breeding lines 6 
=number of the ancestral landrace + line number) (Table 1 and 2). The breeding lines were 7 
derived, by single plant selection, from ancestral landraces from Northwestern Spain (Figure 8 
1), chosen to represent the main bean market classes of the germplasm collection at the MBG-9 
CSIC that includes 352 landraces of the region. One to five lines from each ancestral landrace 10 
were selected depending on their phenotypic variability. The criterion of selection used was 11 
yield (g plant-1) and protein content (gkg-1) because there was variability among the ancestral 12 
landraces (Casquero, 1997, Escribano et al. 199,; Santalla et al. 2002, Rodiño et al. 2003). All 13 
the accessions (Table 1 and Table 2) were grown in Pontevedra, Spain (42º 24’ N latitude, 8º 14 
38’ W longitude, 40 masl, 14 ºC average temperature and 1600 mm annual rainfall) in 1999 15 
and 2000 and Soutomaior, Spain (43º 14’ N, 8º 16’ W, 20 masl, 13.9ºC average temperature 16 
and 1980 mm annual rainfall) in 2000 and 2001. A randomized complete block design with 17 
two replications was used. Each experimental plot included 30 plants spaced 0.25 m apart, 18 
with a row-to-row distance of 0.80 m and a crop density of 50000 plant ha-1.  19 
Morpho-agronomic and quality traits 20 
The following morphological and agronomical traits were evaluated (IBPGR 1982, Santalla et 21 
al. 1994, Singh et al. 1991b, c): phenological traits, flowering (days from sowing to 50 % of 22 
plants that have at least one open flower), and first dry pod (days from sowing to the first dry 23 
pod); agronomical traits, length, and width of fresh pod (mm), weight of pod (g 5 pod-1), seeds 24 
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per pod (seeds pod-1), pods per plant (pods plant-1), seed dimensions (mm) (length, width, 1 
thickness), seed weight (g 100 seed-1), seed yield (g plant-1); and seed quality traits, crude 2 
protein content (%), crude fat content (%), crude starch content (%), by non-destructive Near 3 
Infrared Transmission spectroscopy using an Infratec 1255 Food and Feed Analyzer (Tecator 4 
AB); percentage of water absorption (calculated by dividing the weight of the seeds after 5 
soaking for 18 h at room temperature by the weight of the seeds before soaking and 6 
multiplying by 100) and seed coat fraction (measured as the relation in weight between seed 7 
coat and cotyledon plus seed coat, after removing the seed coat from the cotyledon and 8 
keeping them for 24 h at 105 ºC). The morphological traits evaluated were length and width of 9 
central trifoliate leaflet (measured in centimeters) and bracteole (measured in millimeters), 10 
shape of leaflet (chordate, ovate, or hastate) and bracteole (chordate, ovate, or lanceolate), 11 
growth habit (I, II, III and IV types, CIAT 1983), flower color (white, pink or purple), stripes 12 
on the base of flower standard (stripped or smooth), pod beak position (placental or central), 13 
seed shape (kidney, round or oval) and seed color (white, cream, yellow, pink, red, brown, 14 
purple, black, bicolor). 15 
Disease reaction 16 
The breeding lines and the ancestral landraces together with susceptible and resistant check 17 
cultivars (Table 2) (Young and Kelly 1996, Monteagudo et al. 2006) were evaluated for their 18 
reaction to ANT, rust, CBB, HBB and BCMV/BCMNV in separate nurseries in 2002. Six 19 
plants per accession were inoculated for each disease evaluation and each plant was considered 20 
a separate replicate. Plants were inoculated with the races 17 (Mesoamerican) and 23 (Andean) 21 
for ANT (conidia suspension=106 conidia ml-1) (Sicard et al. 1997, Balardin and Kelly 1998, 22 
Mahuku and Riascos 2004), when the two primary leaves were partially expanded, and 23 
symptoms were evaluated according to the susceptible, intermediate, and resistant (following a 24 
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scale from 1 to 9, where 1-3= plants without symptoms 4-6= plants with only minor venal 1 
lesions and 7-9= severely diseased, darkening of veins followed by inter-venal lesions on the 2 
lower leaf surface and seedling death) ( Schoonhoven & Pastor-Corrales 1987, Monteagudo et 3 
al. 2006). These races of ANT were chosen to test the resistance of our accession to these 4 
American races, and this work was done in collaboration with the University of Idaho. 5 
Another interest is to use these races as a gene pool marker. For rust, one primary leaf was 6 
inoculated with the Andean race 38 and the other with the Mesoamerican race 53 of the 7 
pathogen, using the spray-inoculation technique (Stavely 1983). The plants were scored as 8 
susceptible (presence of large profusely sporulating pustules), small pustule (very small 9 
sporulating pustules), necrotic pustules (very small non sporulating pustules), and resistant (no 10 
visible rust symptoms), and a 1 to 9 scale was also used based on types of pustules and leaf 11 
area infected (1=no disease and 9=most severe). For CBB evaluation, the primary leaves and 12 
the first trifoliate leaf were inoculated with a florist’s frog comprising multiple-needles. For 13 
HBB (race 2) the plants were inoculated with an atomizer by spraying the bacterial suspension 14 
(bacterial concentration of 1 x 107 colony-forming units ml-1) in two small areas (0.5 mm 15 
diameter) to either side of the midrib onto the abaxial surface of leaves, thereby forcing the 16 
bacteria into the leaf tissue. Evaluations were made 7 days after inoculation on a 1 to 9 scale, 17 
where 1= no visible symptoms and 9=severely diseased. In both bacterial blight cases, the 18 
reaction to pathogens was classified into three categories: scores ≤3 resistant, 4 to 6 19 
intermediate and ≥7 susceptible. Plants were mechanically inoculated for BCMV/BCMNV on 20 
expanded primary leaves using infected bean leaf extracts and sterile cotton Q-tips. One 21 
primary leaf per plant was inoculated with the BCMV US-6 strain and the other with the 22 
BCMNV NL-3K. Plants were evaluated according to the presence or absence of mosaic 23 
symptoms; local, venal, and/or top necrosis and plant death; and the absence of any disease 24 
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symptoms. The description of the symptoms is the following: Resistant (R), no visible disease 1 
symptoms, susceptible (S) with light and dark green mosaic symptoms, reduced leaf size and 2 
plant height and leaf curling or other deformities, local necrosis (N) with small pin-point 3 
necrotic lesion, and top necrosis (T) with local and venal necrosis followed by death starting 4 
from the apex of plant. International strains of BCMV and BCMNV were used. Thus, the 5 
possible resistance that was found woulll have a greater projection. 6 
Phaseolin seed protein and allozymes 7 
Phaseolin protein pattern was analyzed in five seeds for each breeding line, using one-8 
dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), 9 
according to the method described by Ma & Bliss (1978), Brown et al. (1981), and Gepts et al. 10 
(1986) using the control genotypes [Boyaca (B), Contender (C), Huevo de Huanchaca (H), 11 
Sanilac (S) and Tendergreen (T)] for identification of phaseolin patterns. The breeding lines 12 
with type S and B phaseolin were classified as Mesoamerican, while landraces with type T, C 13 
and H phaseolin were classified as Andean (Gepts et al. 1986, Koenig and Gepts 1989, 14 
Santalla et al. 2002).  15 
 Leaf or root tissues (depending on the allozyme assayed) from 12 plants at the primary 16 
leaf stage were used for allozyme analysis (Vallejos 1983, Koenig and Gepts 1989, Wendel and 17 
Weeden 1989, Santalla et al. 2002). The enzyme systems assayed were: malic enzyme (Me; 18 
E.C.1.1.1.40), shikimate dehydrogenase (Skdh; E.C.1.1.1.25), ribulose biphosphate carboxylase 19 
(Rbcs; E.C.4.1.1.39), peroxidase (Prx; E.C.1.11.1.7), malate dehydrogenase (Mdh; E.C.1.1.1.37), 20 
and diaphorase (Diap; E.C.1.6.99). ICA-Pijao and Dark Red Kidney cultivars which had the 21 
following allozyme alleles: Rbcs100, Skdh103, Prx98, Me100, Mdh-1100, Mdh-2100, Diap-195, and Diap-22 
2105 and Rbcs98, Skdh100, Prx98, Me98, Mdh-1103, Mdh-2102, Diap-1100, and Diap-2100, respectively, 23 
were used as control. The allozyme profiles of the bean germplasm have been classified into 24 
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seven different groups (A-G, basic genotypes of European germplasm) following Santalla et 1 
al. (2002). The groups A, B, and C display a true Andean allozyme (Skdh100 and Diap1100) with 2 
the predominant allozyme alleles Mdh-1103, Mdh-198 and Mdh-1100, respectively. The groups D 3 
and E present the Andean allele Skdh100 and the Mesoamerican allele Diap-195, and are 4 
considered as intermediate forms between both gene pools. The groups F, H, I and J included 5 
lines with a true Mesoamerican allozymes (Skdh103 and Diap195). Groups F and H are 6 
characterized by the same allozyme profile at Me and Mdh1100 combined with the Rbcs100 and 7 
Rbcs98, respectively. Alleles Rbcs100 and Mdh198 are found in the group I, while group J exhibited 8 
Rbcs100, Me102 and Mdh1103 alleles. The group G displays an intermediate position between 9 
Mesoamerican and Andean gene pools, and show an allele characteristic of the Mesoamerican 10 
gene pool (Skdh103) and others of the Andean gene pool (Diap-1100).  11 
Statistical analyses 12 
Analyses of variance for each agronomic trait (Cochran and Cox, 1957) by PROC GLM (SAS, 13 
2000) were performed. Treatment mean squares were orthogonally partitioned into breeding 14 
lines, ancestral landraces and check cultivars. The F-protected least significant difference 15 
(LSD) method (P ≤ 0.05) was used to analyze differences between cultivar means for the 16 
quantitative traits evaluated.  17 
 A discriminant analysis was carried out with PROC DISCRIM. The initial classification 18 
criterion used was the allozyme cluster membership or phaseolin seed protein. Finally, a 19 
canonical discriminant analysis was performed using PROC CANDISC with allozyme cluster 20 
membership or phaseolin seed protein as an initial classification criterion (Singh et al. 1991b, 21 
Santalla et al. 2002). The analysis of canonical discriminant analysis was carried out with 22 
morphological, phenological and agronomical traits and the disease reaction scores. 23 
24 
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RESULTS 1 
Morpho-agronomic and quality traits 2 
The analysis of variance showed significant differences among the breeding lines for all the 3 
traits except for starch content. Variation among the ancestral landraces was significant for all 4 
traits with the exception of first dry pod and protein content while check cultivars displayed 5 
significant differences for all the traits evaluated except for pod width and pod weight. 6 
Environmental effects were significant for flowering, first dry pod, seed length, width and 7 
thickness, water absorption, yield, fat and starch content in the breeding lines. The only 8 
significant environmental effects on the ancestral landraces were displayed by fat and starch 9 
content while these two traits and first dry pod had significant environmental effect in check 10 
cultivars. Significant genotype by environment interactions were present for flowering, first 11 
dry pod, pod length and width, seeds per pod, pod weight, seed length and yield in the 12 
breeding lines and for seed width and water absorption in the ancestral populations while no 13 
significant interactions were present in any trait in the check cultivars. 14 
 The mean, range, coefficient of variation and mean comparison for the quantitative 15 
traits evaluated in the breeding lines, ancestral landraces and check cultivars are displayed in 16 
Table 3. Scores for breeding lines, ancestral landraces and check cultivar, for pod length were 17 
higher in the breeding lines than the check cultivars and higher protein content in the breeding 18 
lines than in the ancestral landraces. Breeding lines 0159-16, 0257-12, 0257-15, and 0257-17 19 
were the earliest ones with 45 and 90 days to first flower and first dry pod, respectively. These 20 
lines were similar to Canela and Planchada check cultivars. For pod weight and length there 21 
were variation in the breeding lines that were selected from ancestral landraces PHA-0171 and 22 
PHA-0257. The breeding lines varied for seed weight from 21.9 g 100-1 seed (0159-16) to 73.4 23 
g 100-1 seed (0330-2) and in the ancestral landraces there was a wide variation, from 24.4 g 24 
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100-1 seed (PHA-0159) to a 106.7 g 100-1 seed (PHA-0219). Seed yield was slightly higher in 1 
the ancestral landraces but the breeding lines showed a wider variation in yield. The lines 2 
0323-01, 0323-13, and 0323-15, which were selected within the same landrace, had a yield 3 
higher 60 g plant-1 than of the Favada check cultivar. For the quality data there were 4 
differences in seed coat protein fraction and protein content because protein content was one 5 
of the characters used in the selection of breeding lines. Breeding line 0171-06 had high water 6 
absorption (144%). Lines 0029-07, 0219-06, and 0272-14, showed a seed coat fraction < 7%. 7 
Breeding lines 0269-27, 0272-13, 0272-14, 0272-16, and 0338-26 had the highest protein 8 
content. There are differences for morphological data for the ancestral landraces and breeding 9 
lines (data no shown). Fifty-one percent of the breeding lines showed growth habit type IV 10 
and the dominant leaflet and bracteole shape were ovate and lanceolate, respectively. Sixty-five 11 
percent of the flowers for the breeding lines and 71% for ancestral landraces were white and 12 
80% for both types showed the base of flower standard smooth or not striped. The breeding 13 
lines selected from PHA-0269, PHA-0306, and PHA-0455 showed variation for 14 
morphological characters.   15 
Disease reaction 16 
Disease screening was made, in some cases, using strains or races for USA and not the 17 
local ones, due to the collaborative nature of this part of the work. It means a limitation with 18 
regard to breeding for disease resistance in the region. Of the 55 lines evaluated, 36 presented 19 
tolerant or resistant reaction to ANT, rust, HBB and/or BCMV/BCMNV (Table 4). All the 20 
breeding lines were susceptible to race 23 of ANT and 12 were either resistant or intermediate 21 
to ANT pathogen race 17. However, only two Mesoamerican lines (0171-06 and 0221-06) 22 
were resistant to the Mesoamerican pathogen race 17. For HBB, 50.9 % of the breeding lines 23 
were intermediate and 49.1% were susceptible. All lines showed a highly susceptible reaction 24 
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to CBB except 221-06 and 221-14 with intermediate reaction. Rust is not currently a main 1 
constraint to bean production in the Iberian Peninsula although humid conditions that favor 2 
the disease can occur. Thirty-eight and twenty-nine percent of the breeding lines were resistant 3 
to race 38 and 53 of rust, respectively. Breeding line 0028-02 showed resistance to the rust 4 
race 38 and intermediate morphological and agronomical characteristics. In this study, there 5 
was a relatively high proportion of lines susceptible to BCMV and BCMNV. The lines 0028-6 
02, 219-06, 323-01, 323-13, 323-15, 323-17, and 452-03 were resistant to BCMV. 7 
Phaseolin seed protein and allozymes 8 
In the breeding lines predominated the Andean phaseolin type and allozyme alleles. Thirty-9 
one breeding lines (groups A, B, and C of allozymes) displayed a true Andean allozyme and 10 
seed protein pattern. Eight lines (group D) and three lines (group G) were intermediate 11 
between Mesoamerican and Andean gene pools, and showed an allele characteristic of the 12 
Mesoamerican gene pool and others of the Andean gene pool. Some lines had Mesoamerican 13 
seed-protein patterns and other lines showed Andean seed-protein patterns. Thirteen lines 14 
(Groups F and J) included lines with a true Mesoamerican allozyme and seed protein pattern, 15 
although some lines within this group had an Andean seed protein pattern. Forty breeding 16 
lines had the Andean type phaseolin (17 T, 12 C, and 11 H) and fifteen breeding lines had the 17 
Mesoamerican type phaseolin (14 S and 1 B). 18 
To classify the breeding lines and the ancestral landraces as Mesoamerican or Andean 19 
germplasm, and to choose germplasm groups for genetic improvement, a canonical 20 
discriminant analysis was conducted using the entire array of nine allozyme loci (Figure 2) or 21 
phaseolin type (Figure 3) as a classification criterion. Canonical discriminant analysis 22 
simultaneously examines differences in the morphological variables and indicates the relative 23 
contribution of each variable to cultivar discrimination. The clusters of the breeding lines with 24 
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similar allozymes or phaseolin exhibited similar phenotype, adaptation and disease resistance. 1 
The canonical correlations of the first axis were r=0.97 and r=0.89 for allozyme and phaseolin 2 
groups respectively. The correlations of the second axis were r=0.88 and r=0.73 and was 3 
significantly different from zero (P<0.01), which indicates that the canonical variables explain 4 
the differentiation of the breeding lines. Together, these two axes accounted for 79% and 83% 5 
(allozyme and phaseolin) of the total variation. Thus, the original variables that contributed 6 
most to the separation along the first canonical variable for allozyme group were reaction to 7 
rust 38 race (0.76), crude fat content (-0.57), seed color (0.69), bracteole width (-0.69), and pod 8 
width (0.71) and for phaseolin group were seed thickness (0.79), reaction to rust 38 race (0.80), 9 
pod width (0.61), flower color (0.69), and reaction to rust race 53 (-0.43). Along the second 10 
canonical variable, lines were separated according to flowering (-0.38), shape of bracteole 11 
(0.37), seed shape (-0.36), starch content (0.44), and reaction to ANT 17 race (-0.46) for 12 
allozyme classification and reaction to ANT 17 race (0.80) and water absorption (-0.59) for 13 
phaseolin classification. The first canonical variable separated principally the C and A from the 14 
B, D, F, G, and J groups. Allozyme group D, and A were principally separated from the B, C, 15 
F, G, and J along the second canonical variable. The canonical discriminant analysis using 16 
phaseolin type as a classification criterion confirmed the separation of the two groups of 17 
breeding lines. The first canonical variable separated principally the Mesoamerican and 18 
Andean breeding lines and the T were separated of C and H phaseolin type along the second 19 
canonical variable. There are breeding lines and ancestral landraces that were assumed to be 20 
products of introgression from Andean (PHA-0219, 0219-06, PHA-0455, 0455-11, 0455-12, 21 
0455-15, PHA-0171, 0171-12, PHA-0452, 0452-03, PHA-0253, 0253-03, 0253-10, PHA-0330, 22 
0330-02, and 0221-16) or Mesoamerican (PHA-0028 and their breeding lines) beans. The 23 
introgressed breeding lines had Andean and Mesoamerican characteristics. The breeding lines 24 
 14
selected from PHA-0028, PHA-0219, PHA-0455, and PHA-0253, have intermediate 1 
genotypes with Andean and Mesoamerican allozyme loci and phaseolin pattern and with 2 
Mesoamerican morphoagronomic characters. Breeding lines 0171-12, 0221-16 and 0452-03 3 
lines showed Mesoamerican phenotype and allozyme loci with Andean phaseolin pattern. The 4 
breeding lines selected from PHA-0330 presented Andean allozyme loci, phaseolin pattern, 5 
and Mesoamerican morpho-agronomic characteristics. 6 
7 
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DISCUSSION 1 
Variation among the ancestral landraces for many traits is similar to the variability found 2 
among breeding lines evaluated by Joshi and Mehra (1984) and Park (1987). However, some 3 
of the results reported here may not be repeatable within the same line due to possible genetic 4 
heterogeneity. Earliness in some breeding lines (0029-07, 0257-12, and 0257-15) indicates a 5 
progress towards earliness that translates to great market value. The lines 0455-11, 0455-15, 6 
0221-14, 0221-06, and 0455-12 had good expression of some pod and seed quality traits that 7 
combined with a high yield, would be appreciated by both consumers (Duran et al. 1972) and 8 
producers. These breeding lines can increase their value for their double use, as dry bean or 9 
snap bean and are useful for breeding programs to increase yield (Kelly et al. 1997, 1998, 10 
1999), maintain good seed quality, and develop new varieties with genetic resistance to 11 
diseases. Some lines (0330-02, 0452-03 and 0219-06) are notable for their seed characteristics 12 
and performance with 53.4, 56.7 and 42.1 g plant-1 respectively and could be used in breeding 13 
programs to improve yield. Nevertheless, in agreement with other authors (Casquero 1997, 14 
Rodiño et al. 2001), there are mixtures of genotypes within the same ancestral landrace, which 15 
could be considered an important source of genetic variability. Several breeding lines have 16 
been selected from heterogeneous ancestral landraces, because the yield of the breeding lines 17 
can be of 83.9 g plant-1. Selection of breeding lines was made according to protein content and 18 
yield. Progress was made in protein content on average and in individual values, but not in 19 
yield. However, selection for yield produced a small reduction in seed weight (Singh et al. 20 
1989) and seed length. The lines that showed differences within the landraces were derived 21 
from PHA-0021 (2 lines), PHA-0272 (5 lines), PHA-0306 (3 lines) and PHA-0455 (3 lines). 22 
Seed weight and protein content showed differences between lines and landraces and these 23 
differences indicate the value of these lines for genetic improvement.  24 
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A high proportion of resistant accessions were inadvertently introduced from the Americas 1 
initially, or else the environments, pathogen pressure, and human interference in the Iberian 2 
Peninsula were conducive for subsequent increase of resistance alleles. Some breeding lines 3 
exhibited a variable reaction to one or more diseases. Out-crosses might occasionally have 4 
occurred between different genotypes within accessions because of their close proximity and 5 
visits from pollinating insects, giving an opportunity for selection by farmers of genotypes 6 
combining resistance to one or more diseases. In general, disease-resistant accessions did not 7 
follow any specific pattern of geographical distribution. Only two Mesoamerican breeding 8 
lines (0171-06 and 221-06) were resistant to the Mesoamerican pathogen race 17 possibly 9 
because of the host-pathogen co-evolution, and the fact that the Mesoamerican pathogen 10 
races often are more virulent than their Andean counterparts (Kelly et al. 1994, Balardin et al. 11 
1997, Balardin & Kelly 1998, Pastor-Corrales et al. 1995). Anthracnose was a major constraint 12 
to both dry and snap bean production in Europe until the 1960’s and continues to be endemic 13 
in northern Spain. It is important to obtain resistant breeding lines to the different ANT races, 14 
since disease incidence can be diminished in the mixed culture of susceptible and resistant 15 
accessions (Rio et al. 2002). One of the most efficient control systems of ANT is varietal 16 
resistance and this resistance to disease has been studied for identification of resistance 17 
sources among Andean and Mesoamerican gene pools of common beans. Resistance is 18 
conditioned by 11 major genes Co-1 to Co-8 and Co-10, and one recessive gene Co-9 (Mahuku 19 
et al. 2002, Kelly and Vallejo 2004, Vallejo and Kelly 2005). Ferreira et al. (1998) suggested the 20 
incorporation of the Co-2, Co-6 and/or Co-7 genes for improvement of common bean in the 21 
North of Spain. Fernández et al. (2000) confirmed the presence of a new race of Colletotrichum 22 
lindemuthianun in Spain. Mendez de Vigo et al. (2002) developed a breeding program for the 23 
introduction of resistance genes to the “Andecha” variety.  24 
 17
For HBB, Asensio (1995) did not find any resistant accession to the race 1 or 2 of HBB 1 
pathogen in germplasm from northern and central Spain. In the present work, 0020-13, 0020-2 
19 and 0029-07 showed some tolerance or resistance to HBB and they could be useful for 3 
introgression of HBB resistance in other popular cultivars. Regarding CBB, Singh and Muñoz 4 
(1999) found only a low level of resistance in a handful of accessions among several thousand 5 
from around the world. The highest level of resistance was found in tepary bean (P. acutifolius) 6 
which has been introgressed and pyramided in common bean (Scott and Michaels 1992, Singh 7 
and Muñoz 1999, Kelly et al. 2003). Use of this highly resistant exotic germplasm would be 8 
essential for development of resistant cultivars for northern and central Spain where CBB is 9 
often very severe. Gene pyramiding could be more efficient to obtain resistant breeding lines, 10 
considering the link that exists between resistance genes for CBB and morphological and 11 
quality genes.  12 
The relatively high proportion of breeding lines susceptible to BCMV in this study is in 13 
accordance with previous reports by Sáiz et al. (1995) and Santalla et al. (2004). A top necrotic 14 
reaction to the BCMNV strain NL-3K, indicated the presence of the I resistance allele for 15 
BCMV. Seven breeding lines (0028-02, 0219-06, 0323-01, 0323-13, 0323-15, 0323-17, and 16 
0452-03) were symptomless to both virus strains thus expected to carry recessive resistance 17 
allele at one or more bc loci (Drijfhout 1978), because these lines did not show necrosis. Given 18 
the importance of this virus (Myers et al. 2000, Cifuentes et al. 2000) the resistance in the 19 
breeding lines derived from PHA-0323 and the breeding lines 0452-03, 0028-02, and 0219-06 20 
is quite relevant. In Spain, diseases such as BCMV, common, and halo bacterial blight, often 21 
are sympatric, endemic and cause severe yield losses. Thus, adapted landraces resistant to 22 
ANT, rust, HBB, and/or BCMV should be very valuable for breeding and genetics of beans in 23 
Spain, Europe and the world at large. Furthermore, some breeding lines, such as 0221-14, was 24 
 18
resistant to HBB, CBB, rust and BCMV, and others such as 0452-03 was resistant ANT, rust, 1 
BCMV, and HBB.  2 
 The allozyme and phaseolin data indicated a predominance of Andean material, in 3 
agreement with other studies (Singh et al. 1991b, Escribano et al. 1998, Rodiño et al. 2001, 4 
2006, Santalla et al. 2002). In addition, these data indicate the existence of mixtures of 5 
Mesoamerican and Andean genotypes that would have recombined giving intermediate 6 
genotypes (Acquaah and Isleib 1994, Singh et al. 1991b, Santalla et al. 2002, Rodiño et al. 7 
2006). The breeding lines selected from PHA-0028, PHA-0219, PHA-0455, PHA-0171, PHA-8 
0452, PHA-0253, PHA-0330, and PHA-0221 presented intermediate characteristics between 9 
Mesoamerican and Andean gene pools, suggesting the existence of introgression in common 10 
bean from the South of Europe. Therefore, the individual selection from mixed landraces has 11 
allowed maintaining the recombinant genotypes as pure lines. Santalla et al. (2002) and Rodiño 12 
et al (2006) indicated the existence of a secondary center of diversity for bean in the 13 
Northwest of the Iberian Peninsula and this theory is in agreement with the results of this 14 
study. The canonical discriminant analysis was conducted using nine allozyme loci and five 15 
phaseolin patterns as a classification criterion to examine the differences among breeding 16 
lines, aiming to choose germplasm groups for the genetic improvement of disease resistance in 17 
Mesoamerican or Andean germplasm. Results from this analysis identified the major traits that 18 
separate breeding lines and ancestral landraces of Andean and Mesoamerican origin and the 19 
recombinant groups of germplasm with intermediate characteristics between the two centers 20 
of origin, Andean and Mesoamerican.  21 
The identification of these groups was possible by the existence of strong associations 22 
between the traits considered in this study. Such associations can arise through multilocus 23 
genetic associations or developmental correlations (Singh et al. 1991a, 1991b). Considerable 24 
 19
morphological variation can exist and crosses may be attempted between two genotypes that 1 
may appear to be very diverse in order to maximize the potential gain from selection in the 2 
progeny. This approach relies on prior classification of breeding lines using allozyme or 3 
phaseolin markers followed by a corroborating analysis of morphological, agronomic, quality, 4 
and disease traits (Sprecher and Isleib 1989, Singh et al. 1991b). Wells et al. (1988) indicated 5 
that under specific genotype x environment interactions, common bean could exhibit high 6 
levels of outcrossing. The identification and use of biochemical markers and other ancestral 7 
traits increase the probability of identifying the evolutionary lineages. Phaseolin alleles have 8 
been correlated with seed size and have been associated with a QTL underlying seed size in 9 
genetic studies (Duran et al. 2004). The large seeded beans with S phaseolin are evidence of 10 
introgression between the Mesoamerican and Andean gene pools. Other studies (Paredes and 11 
Gepts 1995, Beebe et al. 2001, Islam et al. 2004) exhibited evidence of introgression from 12 
Middle America beans into Chilean cultivars. This introgression was assumed to result from 13 
spontaneous outcrossing in farmer’s fields, based on segregation found previously in farmer’s 14 
varietal mixtures. In the present study, 15 breeding lines were identified as introgressed, and 15 
this permitted a comparison of phenotypic traits of introgressed and non-introgressed 16 
breeding lines. These intermediate genotypes might be the result of ancestral unique genetic 17 
recombination events that could be of utility to breeders seeking to improve common bean. 18 
 This work indicates the existence of lines with superior characteristics that could be used as 19 
dry seed, as well as introduction of disease resistance. These lines can be used as a parent in 20 
new breeding programs for developing disease resistant varieties. Selecting for genetic 21 
resistance is a difficult task, but could be facilitated through the knowledge of the bean genetic 22 
map, linkage between morphological and phenological characters with resistance genes, and 23 
the use of assisted selection with molecular markers. Breeding lines 0029-07, 0257-12, and 24 
 20
0257-15 for their earliness; 0221-06, 0221-14, 0455-11, 0455-12, 0455-15 for their double use 1 
as pod or seed; 0221-14 and 0452-03 for their multiple resistance to diseases; and the lines 2 
derived from landrace PHA-0323 for their yield; constitute potential germplasm for future 3 
improvement programs. 4 
5 
 21
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Figure 1. Geographical origin of the 21 ancestral landraces from the MBG-CSIC common 1 
bean germplasm collection 2 
 3 
 4 
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Figure 2. Canonical discriminant analysis of diversity for morphological and agronomic traits 1 
of the bean breeding lines evaluated using allozyme groups as an initial classification criterion 2 
 3 
 4 
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Figure 3. Canonical discriminant analysis of diversity for morphological and agronomic traits 1 
of the bean breeding lines evaluated using phaseolin groups as an initial classification criterion 2 
3 
 33
Table 1. Breeding lines of the common bean germplasm collection from MBG-CSIC used in this study 1 
and the ancestral landraces from which these originated. 2 
Ancestral landraces  Market class Breeding lines 
PHA-0020  Small white 0020-10, 0020-13, 0020-15, 0020-19 
PHA-0021  Large great northern 0021-04, 0021-07 
PHA-0028  Large great northern 0028-02, 0028-04, 0028-06, 0028-14 
PHA-0029  Small white 0029-07, 0029-09 
PHA-0115  White kidney 0115-09 
PHA-0119  Dark garbanzo 0119-12 
PHA-0159  Small white 0159-16, 0159-20 
PHA-0171  Favada 0171-05, 0171-06, 0171-12 
PHA-0195  White kidney 0195-03 
PHA-0219  Favada 0219-06 
PHA-0221  Large great northern 0221-06, 0221-14, 0221-16 
PHA-0253  Canellini 0253-03, 0253-10 
PHA-0257  White kidney 0257-12, 0257-15, 0257-17, 0257-20 
PHA-0269  Dark red kidney 0269-16, 0269-22, 0269-27 
PHA-0272  Purple caparron 0272-10, 0272-13, 0272-14, 0272-16, 0272-19 
PHA-0306  Dark red kidney 0306-06, 0306-16, 0306-23 
PHA-0323  Ojo de cabra 0323-01, 0323-13, 0323-15, 0323-17 
PHA-0330  Favada 0330-02 
PHA-0338  Dark red kidney 0338-11, 0338-15, 0338-24, 0338-25, 0338-26 
PHA-0452  Favada 0452-03 
PHA-0455  Dark garbanzo 0455-11, 0455-12, 0455-15 
 3 
4 
 34
Table 2. Checks cultivars for the agronomical and disease resistance studies. 1 
Check cultivar for agronomical 
traits 
Market class 
PHA-0134 Snap bean  
PHA-0615 Canela 
PHA-0620 Cranberry 
PHA-0625 Great northern 
PHA-0638 Navy 
PHA-0917 Favada 
  
Check cultivar for disease 
resistance traits 
Disease resistance1 
USPT-ANT-1 ANT (R) 
A483 ANT (R race 17) 
Avanti ANT (S) 
Chase HBB (R) 
Applause HBB (R) 
Win HBB (S) 
Montrose HBB (S) 
VAX 3 HBB (S), CBB (R) 
UI 114 Rust (R race 38) 
Othello Rust (S) 
Striker Rust (S race 38) 
Kodiak BCMV (R), rust (R) 
Matterhorn BCMV (R), rust (R) 
Common Pinto S for 5 diseases 
1 S= susceptible, R= resistant, ANT = Anthracnose, HBB = Halo bacterial blight, CBB = Common bacterial 2 
blight, BCMV = Bean common mosaic virus 3 
4 
 35
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Table 3. Mean, range, mean comparison (LSD) and coefficient of variation (C.V.) for agronomical traits of the parental landraces, breeding lines 1 
and checks cultivars evaluated in four environments 2 
Traits Parental 
landraces 
 Breeding 
lines 
 Check 
cultivars 
     
 Mean Range Mean Range Mean Range LSD1
†
 LSD2
†
 LSD3
†
 CV (%) 
Flowering (days)  56.1 50.3-73.7 58.9 46.3-77.2 58.0 45.1-75.5 12.9 NS NS 13.8 
First dry pod (days) 100.6 92.6-129.0 103.9 88.1-129.0 97.5 80.0-124.7 NS NS 7.30 8.30 
Pod length (mm)  121.4 86.02-158.6 128.4 89.6-187.1 113.4 103.4-136.7 9.38 NS 13.6 14.2 
Pod width (mm) 12.7 10.7-16.7 13.2 9.96-17.6 12.8 11.8-13.9 0.53 NS NS 11.2 
Seeds per pods  4.32 3.40-5.70 4.55 1.60-9.00 4.47 2.80-6.20 0.73 NS NS 18.6 
Pod weight (g 5 pod-1)  6.02 4.93-9.72 7.07 3.50-10.9 6.00 5.00-7.10 3.18 NS 1.66 25.1 
Seed length (mm) 14.8 8.90-21.8 14.2 9.10-21.6 14.9 11.0-20.9 0.74 NS NS 6.90 
Seed width (mm) 7.68 6.18-8.91 7.71 6.10-9.00 8.13 7.12-9.08 NS 0.86 0.54 5.30 
Seed thickness (mm)  5.99 4.02-7.13 6.05 4.00-7.40 6.22 5.00-7.44 NS NS NS 7.30 
Seed weight (g 100 seed-1) 55.5 24.4-106.7 53.7 21.9-73.3 59.8 32.0-63.5 NS NS 10.8 13.8 
Yield (g plant-1) 46.7 36.2-107.4 31.1 6.20-83.9 32.9 6.50-53.9 26.2 37.3 NS 71.3 
Water absorption (%) 100.6 64.5-124.1 95.8 45.0-144.0 95.6 68.0-128.0 NS NS NS 19.8 
Seed coat fraction (%)  8.07 6.55-10.6 7.97 6.71-10.1 7.41 7.11-8.20 NS 0.27 0.28 8.20 
Protein content (gkg-1) 249.0 206.0-261.0 301.0 246.0-
284.0 
300.0 255.0-298.0 0.78 1.06 NS 4.90 
Starch content (gkg-1)  446.0 441.0-453.0 446.0 433.0-
454.0 
460.0 443.0-501.0 NS 0.80 NS 1.80 
Fat content (gkg-1)  17.6 15.0-19.0 17.4 15.0-19.0 17.4 16.0-18.5 0.08 0.08 0.06 4.10 
† LSD1=Least significant difference at p<0.05 of the parental lines vs breeding lines, LSD2=Least significant difference at p<0.05 of the parental 3 
lines vs check cultivars, LSD3=Least significant difference at p<0.05 of the breeding lines vs check cultivars, NS= not significant 4 
 5 

 39
Table 4. Reaction to anthracnose (ANT), halo bacterial blight (HBB), common bacterial blight 1 
(CBB), rust, and bean common mosaic virus and bean necrotic mosaic virus 2 
(BCMV/BCMNV) of the breeding lines, and parental landraces. 3 
Accesions 
Origin 
(Phaseolin)
 
†
 
ANT
‡
 HBB
‡
 CBB
‡
 Rust
‡
 BCMV
§
 
Race 17 Race 23 Race 38 Race 53 
0020-10 M 9.0 9.0 5.2 9.0 2.0 9.0 S 
0020-13 M 9.0 9.0 4.0 9.0 3.0 9.0 S 
0020-15 M 8.0 8.0 5.5 9.0 1.0 9.0 S 
0020-19 M 7.0 7.0 4.0 9.0 2.0 9.0 S 
0021-04 A 7.0 7.0 6.2 9.0 9.0 6.0 V 
0021-07 A 2.0 8.0 6.5 9.0 9.0 6.0 S 
0028-02 M 9.0 9.0 6.5 9.0 2.0 6.0 R 
0028-04 M 8.0 9.0 5.2 9.0 3.0 8.0 S 
0028-06 M 7.0 9.0 6.7 9.0 3.0 9.0 S 
0028-14 M 9.0 8.0 5.5 9.0 2.0 8.0 S 
0029-07 M 9.0 7.0 4.2 9.0 2.0 9.0 S 
0029-09 M 9.0 9.0 6.0 9.0 3.0 9.0 S 
0115-09 A 8.0 8.0 6.0 9.0 8.0 6.0 S 
0119-12 A 9.0 9.0 8.0 9.0 8.0 9.0 S 
0159-16 M 9.0 7.0 5.5 9.0 2.0 8.0 S 
0159-20 M 8.0 7.0 5.8 9.0 3.0 8.0 S 
0171-05 A 2.0 8.0 5.8 8.0 9.0 7.0 S 
0171-06 M 1.0 9.0 8.5 7.0 3.0 8.0 S 
0171-12 A 5.0 9.0 7.0 9.0 3.0 9.0 S 
0195-03 A 5.0 9.0 6.2 9.0 9.0 5.0 S 
0219-06 A 2.0 8.0 6.5 9.0 3.0 9.0 R 
0221-06 M 2.0 7.0 7.5 4.0 2.0 9.0 S 
0221-14 M 8.0 7.0 5.3 3.0 2.0 9.0 S 
0221-16 A 6.0 8.0 6.8 9.0 3.0 8.0 S 
0253-03 A 2.0 9.0 5.7 9.0 2.0 7.0 S 
0253-10 A 5.0 9.0 8.6 9.0 2.0 7.0 S 
0257-12 A 2.0 9.0 6.5 9.0 9.0 8.0 S 
0257-15 A 1.0 9.0 6.0 9.0 9.0 8.0 S 
0257-17 A 2.0 9.0 6.5 8.0 8.0 9.0 S 
0257-20 A 5.0 8.0 7.5 9.0 5.0 9.0 S 
0269-16 A 9.0 8.0 7.3 9.0 9.0 9.0 S 
0269-22 A 8.0 8.0 7.3 9.0 8.0 6.0 S 
0269-27 A 9.0 8.0 7.5 8.0 8.0 6.0 S 
0272-10 A 7.0 7.0 5.3 9.0 8.0 9.0 S 
0272-13 A 9.0 7.0 5.4 9.0 9.0 9.0 S 
0272-14 A 9.0 8.0 5.5 9.0 9.0 9.0 S 
0272-16 A 8.0 9.0 5.3 9.0 9.0 8.0 S 
0272-19 A 8.0 9.0 5.6 9.0 9.0 8.0 S 
0306-06 A 9.0 8.0 6.7 9.0 9.0 2.0 S 
0306-16 A 9.0 7.0 6.7 8.0 9.0 1.0 S 
0306-23 A 7.0 7.0 5.3 9.0 9.0 3.0 S 
 4 
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Table 4. Continuation 1 
Accesions 
Origin 
(Phaseolin)
 
†
 
ANT
‡
 HBB
‡
 CBB
‡
 Rust BCMV
§
 
Race 17 Race 23 Race 38 Race 53 
0323-01 A 8.0 8.0 5.4 9.0 6.0 9.0 R 
0323-13 A 7.0 9.0 7.2 7.0 6.0 6.0 R 
0323-15 A 9.0 5.0 6.8 9.0 6.0 9.0 R 
0323-17 A 9.0 9.0 6.2 9.0 6.0 5.0 R 
0330-02 A 5.0 9.0 6.4 8.0 6.0 9.0 S 
0338-11 A 9.0 7.0 5.6 9.0 9.0 9.0 S 
0338-15 A 8.0 8.0 6.3 9.0 8.0 5.0 S 
0338-24 A 9.0 7.0 6.0 8.0 8.0 6.0 S 
0338-25 A 7.0 7.0 7.8 9.0 8.0 2.0 S 
0338-26 A 9.0 8.0 5.2 8.0 8.0 3.0 S 
0452-03 A 3.0 8.0 5.8 9.0 2.0 9.0 R 
0455-11 A 9.0 9.0 6.0 9.0 9.0 6.0 S 
0455-12 A 2.0 9.0 7.7 9.0 9.0 9.0 S 
0455-15 A 2.0 8.0 6.0 9.0 9.0 8.0 S 
PHA-0020 M 9.0 9.0 5.0 9.0 2.0 9.0 S 
PHA-0021 A 7.0 8.0 6.0 9.0 9.0 6.0 S 
PHA-0028 M 9.0 9.0 6.0 9.0 3.0 8.0 S 
PHA-0029 M 9.0 9.0 7.0 9.0 3.0 9.0 S 
PHA-0115 A 9.0 9.0 7.0 9.0 9.0 6.0 S 
PHA-0119 A 9.0 9.0 9.0 9.0 9.0 9.0 S 
PHA-0159 M 9.0 7.0 6.0 9.0 3.0 8.0 S 
PHA-0171 A 5.0 9.0 8.0 9.0 9.0 9.0 S 
PHA-0195 A 5.0 9.0 6.0 9.0 9.0 5.0 S 
PHA-0219 A 2.0 9.0 6.0 9.0 3.0 9.0 R 
PHA-0221 M 8.0 8.0 7.0 8.0 2.0 9.0 S 
PHA-0253 A 3.0 9.0 8.0 9.0 2.0 7.0 S 
PHA-0257 A 3.0 9.0 7.0 9.0 9.0 9.0 S 
PHA-0269 A 9.0 8.0 7.0 9.0 9.0 9.0 S 
PHA-0272 A 8.0 8.0 8.0 9.0 9.0 9.0 S 
PHA-0306 A 9.0 8.0 7.0 9.0 9.0 1.0 S 
PHA-0323 A 9.0 8.0 6.0 9.0 6.0 8.0 R 
PHA-0330 A 5.0 9.0 6.0 8.0 6.0 9.0 S 
PHA-0338 A 9.0 7.0 6.0 9.0 9.0 8.0 S 
PHA-0452 A 3.0 8.0 6.0 9.0 2.0 9.0 R 
PHA-0455 A 8.0 9.0 7.0 9.0 9.0 8.0 S 
†
M= Mesoamerican origin, A= Andean origin.  2 
‡1-3= plants without symptoms, resistant, 4-6= plants with only minor lesions, intermediate, 7-9= severely diseased, susceptible 
3 
§
S= susceptible, R= Resistant, V=variable 4 
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